INTRODUCTION
Major changes in light-curing units (LCUs) and curing modes have occurred concurrently with resin-based composite material (RBC) and dentine bonding agent (DBA) development. [1] [2] [3] Moreover the type of LCU and curing mode are known to impact on the polymerisation kinetics and associated stresses, micro-hardness, depth of cure [4] [5] [6] and the degree of conversion of RBCs. 7 Monomer conversion to polymer is an important determinant of the physico-mechanical properties of the resultant polymer 8 and RBCs that receive inadequate amounts of energy from a LCU, or energy
Objective Clinical successful use of resin-based composite restorations (RBCs) depends on knowledge of material and light curing unit (LCU) related factors. The purpose of this study was to evaluate general dental practitioners' knowledge of polymerisation of RBCs and LCU technology. Methods Members of the Active Research Group of the Faculty of General Dental Practice (UK) in England, Scotland and Wales engaged in primary dental care were sent a letter introducing the study and asking for their cooperation, followed by an email containing a link to the online survey questionnaire, hosted on Surveymonkey.com. The questionnaire enquired about current LCUs, and asked a series of questions on material science. Results Sixty-six percent of the 274 members contacted responded. Fifty-seven percent used LED units, 25% quartz tungsten halogen (QTH), and 1% plasma arc (missing: 17%). Thirty percent reported having access to a radiometer. Appropriate responses regarding the degree of conversion of composite and adhesive materials were given by 32% and 23% respectively, and 22% agreed that LED and QTH LCUs had comparable efficiency in polymerising composites. Thirty-three percent were aware that RBCs eluted substances that may have adverse local or systemic consequences. Fifty-eight percent stated that if polymerisation of RBC is slowed down, polymerisation stress will be lower, and 43% said that polymerisation shrinkage will be reduced if the degree of conversion is reduced. Knowledge (measured by appropriate responses to these questions) was not related to years since qualification (r = -0.05, n = 168, p = 0.53). Conclusion The study suggests that dentists' knowledge of curing RBC restorations and LCUs is poor. This indicates that there is a need for training and guidance in this aspect of primary dental care.
care. The relatively few studies which have examined this aspect of dentistry have indicated considerable shortcomings. An early study in the UK reported that only one-fifth of the participating practices had some means of checking LCU effectiveness. 34 A second UK study found that 28% of LCUs examined had inadequate light output, and 48% were damaged or repaired. The authors concluded that practitioners should address practical aspects of their increasing reliance on light units. 35 Two Canadian studies based on private dental offices found that units older than three years had significantly lower output intensities, and recommended that dentists regularly monitor the intensity of their LCUs to ensure quality RBC restorations. 36, 37 In addition, dentists' practice and knowledge may be inadequate. In a review of factors affecting the performance of LCUs, Strydom 38 cites evidence that dentists tend to cure for too short a period, possibly because they are unaware of the importance of adequate light intensity and of factors that may reduce intensity and lower the degree of polymerisation. The author suggests several clinical recommendations to provide general dental practitioners (GDPs) with information on how to optimise the degree of cure. In spite of the general consensus that it is essential for GDPs to understand the many factors which influence the polymerisation of light activated RBCs and the choice of LCUs, 39-41 a recent study concluded that if the reported findings were representative of the dental profession as a whole, dental practitioners may not be up-to-date in their knowledge of dental material science.
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AIMS
The aim of the present study was to assess the knowledge of polymerisation of RBC materials and light curing technology of dentists working mainly in general dental practice.
MATERIALS AND METHODS
The study was conducted under the aegis of the FGDP(UK) in collaboration with the Edinburgh Postgraduate Dental Institute, The University of Edinburgh, which administered and analysed the survey. Members of the Faculty Active Research Group in England, Wales and Scotland who were actively engaged in primary dental care, were sent a letter introducing the study and asking for their cooperation followed by an email containing a link to the online survey questionnaire, hosted on Surveymonkey.com. Two further reminders were sent. Responses were analysed using SPSS v17.
The questionnaire covered four topics: 1. Description of their LCU and related equipment. Whenever possible the details of LCU manufacturer and model provided by respondents were cross-referenced with the reported LCU features in order to verify the accuracy of the reports. When insufficient verifying information was given, it has been assumed that the features were described accurately. This implies that any identified error may underestimate the actual level of unfamiliarity with this equipment 2. Level of satisfaction with their LCU (one 5-point rating scale, where 1 = very satisfied, 2 = quite satisfied, 3 = neither, 4 = quite dissatisfied, and 5 = very dissatisfied) 3. Understanding of material sciences.
Six questions covering understanding of material sciences were devised to permit comparisons of pairs of related questions: ie two were on the degree of conversion, two on stress and shinkage during polymerisation, and two on the nature of polymerisation. A seventh question asked about the relative efficiency of quartz tungsten halogen (QTH) and light emitting diode (LED) LCUs. One question asked about using different curing times for adhesive and composite materials. Respondents' knowledge of material science was summarised by a knowledge score (sum of appropriate answers to the eight questions on material science), with a range of 0 to 8. This score was used to test the premise that members with longer clinical experience may be more knowledgable in material science 4. Professional background and current employment.
Statistical analysis
Fisher's exact test was used to identify whether certain features of LCUs were related to others: ie were respondents with a LCU with an intensity >1000 mW/cm 
LCU equipment in use
Over 40 named units from 32 different LCU manufacturers were cited. Fifty-seven percent of respondents gave their LCU type as LED, 25% as QTH, and 2% as plasma arc. Seventeen percent did not know or did not respond (Table 1) .
Respondents were asked about certain features of their equipment: 31.5% (57) reported having a 'soft start' or similar LCU (SS LCU), 16.6% (30) reported having a LCU of intensity >1000mW/cm 2 (HI LCU), and 29.8% (54) reported access to a radiometer (although only 17 reported using the radiometer at least once a year). These responses were associated, in that 49.1% (28) of those with a SS LCU also reported having a radiometer, compared with 23.9% (16) of those with standard start LCU (Fisher's exact test p = 0.005: missing 57). Equally, dentists who reported using a SS LCU were more likely to report having a HI LCU (57.1% (16) cf 30.3% (10)) (Fisher's exact test p = 0.042: missing 120), as were those with a radiometer (59.3% (16) cf 28.6% (12)) (Fisher's exact test p = 0.014: missing 112). The high level of missing data reflects the numbers who reported not knowing about these features of their LCUs.
Where possible descriptions of unit type, start mode and intensity were verified by reference to reported make and model. When insufficient verifying information was given, it has been assumed that the features were described accurately. On this basis, 83.4% (151) correctly reported LCU type (LED or QTH), and 57.5% (104) and 37.5% (68) respectively correctly described start-up mode and operating intensity.
Satisfaction with unit
Rating of satisfaction indicated a generally high level of satisfaction: 43.5% (77) said they were very satisfied, 41.8% (74) quite satisfied, 7.3% (13) neither satisfied or dissatisfied, 6.2% (11) quite dissatisfied and 1.1% (2) very dissatisfied (missing: 4). A high level of satisfaction (ie as a dichotomous variable: 1 = very satisfied, 0 = all other responses) was associated with use of LED units (Fisher's exact test: p = 0.047) and higher intensity units (Chisquare = 15.10; p = 0.047) ( Table 2) . Table 3 shows responses to eight questions investigating the understanding of Table 4 shows the comparisons of the responses on the degree of conversion of composites and adhesives. Respondents were more likely to give an appropriate response (ie '<75%') regarding conversion of composites than regarding conversion of adhesives (McNemar's test p = 0.005). Table 5 compares responses regarding stress and shinkage during polymerisation. Respondents were more likely to give an appropriate response (ie 'agree') regarding lowering of stress during polymerisation than for reduction of shrinkage (McNemar's test p = 0.001). Table 6 shows that respondents were more likely to give an appropriate response (ie 'agree') regarding the conversion of monomers to polymers than for the possible elution of hazardous substances (McNemar's test p = 0.001).
Understanding of material science
Knowledge of material science scores (sum of appropriate answers as shown in Table 3 ) had a mean of 3.69 (SD: 1.63; median: 4; n = 172) out of a maximum of 8. Four dentists scored 0, and nine had missing scores (all eight questions omitted). Knowledge scores were not related to years since qualification (r = -0.05, n = 168, p = 0.53).
DISCUSSION
The survey population was all FGDP(UK) members self-enrolled in the Faculty Active Research Group, and therefore are unlikely to be representative either of the Faculty membership as a whole or of general dental practitioners. The survey response rate of 66% is considered to be adequate, given the generally lower response rates for online compared with mail-based surveys. 43 One reason for non-response may be that some dentists felt less confident or knowledgeable about the subject matter of the study, and so decided against responding. It is possible therefore that the results of the study overstate dentists' level of knowledge of their LCU or the relevant aspects of material science. Faculty membership data suggests the study respondents are reasonably representative of the gender split of the wider membership, 38% of whom are female.
On the subject of current equipment in use by respondents, LED LCUs are now a mainstay of many general practices. These units are an effective choice for replacing alternative light sources such as QTH and high-intensity QTH units. Many manufactures have taken their QTH LCU off the market. LED units are lightweight, typically portable, effective, and early reports suggest that in some circumstances they are able to out-perform other light types with respect to unit durability and curing performance. [46] [47] [48] Results from the study suggest that LED LCU users are more satisfied with their units than QTH LCU users (Table 2) . However, conventional LED LCUs with a single emission spectrum peaking at about 470 nm, though compatible with the photoinitiator camphorquinone (CQ), are less effective, if at all, in initiating other photoinitiators such as Lucirin TPO and phenylpropanedion (PPD), whose absorption spectra are in the 390 to 430 nm range. These single peak LEDs may not adequately polymerise resin-based composites, which can lead to restoration failures and adverse pulpal responses to unpolymerised monomers. 49 At least two manufacturers, IvoclarVivadent and Ultradent, have introduced polywave LEDs which have a spectral emission similar to QTH LCUs and therefore are compatible with photoinitiators other than CQ. The current study does not address these points but following from the lack of knowledge of LCUs and material science brought out in the study, these aspects of knowledge need to be investigated. Lack of understanding of this may lead to the purchase of inappropriate LCUs and, without intent, producing undercured resin-based restorations.
Fewer than 30% reported that they had access to a radiometer, although it is possible that others were not aware that their LCU had a built in radiometer or that one was available in the surgery. This figure is little better than that reported by another UK study over 13 years earlier, when only one-fifth of practices had means of checking the efficiency of their LCU. 36 However, several more recent studies 41, 50, 51 have indicated that the use of radiometers in general dental practice can only provide approximate light intensity readings rather than an accurate calibration of the LCU. The implication of these studies is that radiometers may be useful monitoring devices when used to test intensity values against the value obtained when the LCU was new, as an indication of whether the original intensity is being maintained.
The study found that only a minority of respondents had appropriate understanding of the degree of conversion of composites and adhesives, the relationship between degree of conversion and polymerisation shrinkage, or that cured composite materials may elute potentially harmful substances. Such findings regarding the level of understanding of material science relevant to light curing of RBCs are in line with deficiencies reported in earlier studies. 31, 41, 43 Several recent papers 41, 51, 52 have reviewed the uses of LCUs, material properties and application techniques which minimise effects of polymerisation shrinkage and shrinkage stress when curing resin composite restorative materials. These reviews emphasise the severe problems resulting from polymerisation shrinkage and shrinkage stress, including the possibility of secondary caries, and argue that dental practitioners must know how to deal with such problems so that they can choose the material and procedure most likely to lead to clinical success. The premise of an association between experience (years in practice) and knowledge of material science was not confirmed. This finding is supported by two earlier studies. Ueda 53 compared the performance of dental students and experienced clinicians, and found no positive association between clinical experience and bonding effectiveness of composite cement to dentine. McFadzean 42 in a survey of 138 dentists in Scotland regarding choice of resin-based composites and dentine-bonding agents, found no relationship between year of qualification and choice of material, which was largely determined by availability and ease of use. The authors called for further research into the level of understanding of material science by dental clinicians.
CONCLUSION
This study was conducted among members of the FGDP(UK), which represents 11% of all dentists registered with the UK General Dental Council. Given the level of expertise implied by membership of the Faculty, it is reasonable to suppose that members' knowledge of light curing equipment and material science is better than that possessed by the dental profession as a whole. The consistent finding of lack of knowledge among respondents to the study is therefore likely to be strongly indicative of a more general need for training and guidance in this aspect of primary dental care.
